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This paper represents a comparative study of the fruit flies
of economic importance to fruits and vegetables in ITawail.
There are only three species of fruit flies which cause damage
in the Islands; they ave: (1). Dacus (Strumeta) dorsalis
Ilendel, the oriental fruit fly; (2). D. (Strwwmeta) cncurbite
Coquillett, the melon fly; and (3). Ceratitis capitata (Wiede-
mann), the Mediterranean fruit fly. The adult characters of
these species are rather well known and have been, for the
most part, adequately described i the literature. The im-
matnre stages, however, have been insufficiently wnderstood
and the existing descriptions have not treated many of the
characters which are of importance in distingnishing the spe-
¢ies, The main purpose of this paper is to present drawings
and descriptive information which will aid in the identification
of these species In the various stages of their hfe eyele. It
deals chiefly with those characters which are considered of
most importance m comparing these species,

FENERAL ('ONSIDERATIONS
Dacus® (Strumeta) dorsalis Ifendel?

The oriental fruit fly is widespread and abundant through-
out the Hawatian Islands, 1t is one of the most euryphagous
of the fruit flies and has been recorded from 109 different
hosts in Hawaii. This speeies will apparently attack almost
all types of fruits and many vegetables and other plants.

Dacus dorsalis was first recorded in 1awail on May 10, 1946,
when speeimens were rearved from mango fruits collected in
Honolulu.  Later a single female specimen was found in a
collection of some 22500 frunit flies which had been collected,
or reared, i Ilonolulu by O. €. McBride between April and

TPublished with the approval of the Director of the Hawaii Agri
cultural Experiment Station as Techuieal Paper No. 182,

2The name Dacus, sens. lat., is used pending clarification of the generic
classification of the Daecinw.

31912, Suppl. Ent. 1:18, (Dacus).
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July 1945, 1t 1s believed that this fly was imported trom
Saipan by returning troops and that it possibly arrived as
carly as the late summer of 1944, In the absence of its natural
enemies and with the ideal ecological conditions in Iawati the
species has been able to bwild up surprisingly large popula-
tions in a relatively short time. It i1s by far the most serious
pest of fruits which has become established in Hawai., Be-
cause of dorsalis it 1s now impossible to raise many fruits fly-
free without bageing cach individnal fruit or protecting them
by very frequent and thorough apphications ot insecticides.

Dacus (Strumeta) cucurbitae Coquillett

The melon fly was brought into ITawan around 1895 by
immigrants from the Orient. It is now widely spread througzh-
out all of the vegetable growing areas in Hawair and has a
devastating etfect upon cucurbits, tomatoes, and many other
vegetable crops. 1u Ilawaii, the melon fly has been recorded
as attackine thirtv-six different kinds of plants belonging to
twelve families. It is by far the most serious pest with which
the vegetable growers have to contend.

Ceratitis capitata (Weidemann)®

Prior to the establishment of Dacus dorsalis in 1awaii the
Mediterranean fruit fly was extremely abundant and was
recorded as attacking approximately the same host frutts
which dorsalis now infests. For some nnexplained reason the
Mediterranean fruit fly has become relatively scarce during
the past two or three years and is now difficult to find in many
parts of the Islands. Many entomologists believe that the
competition presented by the orviental froit fly is actnally
effecting control of the Mediterrancan fruit fly. This sup-
position is entirely theoretical, however, and it will be neces-
sary that a thorough study of the interactions of these two
species be made before the competitive effects can be under-
stood.  Possibly the Mediterranean fruit fly has become re-
stricted m low-land areas by the drastic curtatlment it has
caused in the raisimg of some of its favorite hosts.

(', capitata appavently entered Hawaii, at ITonolulu, about
1907 and until the advent of dorsalis it was the most serious
pest of fruits i the Islands. It is interesting to note that
Ceratitis capitata evidently came to Iawaii from Africa by
way of Southern Australia and Dacus dorsalis came from the
Orient by way of Micronesia; apparently this is the only place

41899, Eut. News, 10:129 (Dacus).
51824, Analecta Ent. 4:55 (Tephritis).
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in the world where the ranve of these two speeies is definitely
known to overlap.

ADpuLT C'HARACTERS

The three species of fruit flies treated here are readily
distinguishable in the adult stages, and it will not be necessary
to discuss nore than just their diagnostic characters i this
paper,

Dacus dorsalis Heundel

Dacus dorsalis is an extremely variable species. 1t has
apparently been deseribed in the literature under many differ-
ent names because of the confusing ditferences in the coloration
of some individuals. The extent and significance of these
variations will be discussed in a forthcoming paper and will
be treated only briefly here. Tt is now apparent that many of
the characters which have been considered of specific or sub-
speeifiec value by various authors are not constant and cannot
be depended upon for separating species i this particular
complex. Color characters are particularly variable and often
misleadinge. Typical specimens of dorsalis can be distinguished
by color, but where long series have been available for study,
wide extremes of color variation have been seen from numerouns
localities throughout the range of this species.

D. dorsalis adults are readily distinguished from cucurbite
by the differences in wing characters. There are no cross-
bands on the wings, no apical spot, and the cubital streak® is
narrow.

Head: Most of the head characters which have been used
have been found to be of very little value m distinguishing
this species. The front typically has a small dark-colored
spot at base of each frontal bristle and a brown median spot
is usually preseut; veryv often, however, the face may be un-
spotted. The occiput varies from yellow to brownish or black-
ish and the vertical bristles vary from yvellow to black. The
palpi are not shaped as in Shiraki’s fieure.” They are broad,
rounded at apices, and gently concave on the dorsal surface.
The palpi are of rather uniform thickness, except for the at-
tenunated bases® (fig. 39). Thorax: The thoraces of dorsalis and

6Anal streak of other authors.

71933, Mem. Soc. Sei. Taihoku Tmp. Univ. vii: 62, fig, 18.

SIn general, the palpi characters have not appeared of much value in
distinguishing most speecies of Dacine which the writer has studied. A
few species appéar to have reliable differences in the shape of these
structures but one eanuot always be sure of the true shape of the palpi
in dried specimens. :
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crcurbita are diffevently marked. 1. dorsalis has just two
vellow vitte on the mesonotum. These extend from the snture
to the hind edge of the mesonotum, near the lateral margins.
The mesonotnm almost always has black or dark brown mark-
ings on the median portion. The anterior portion of each
niesopleuron is usually brown to black, sometimes with just
an obliquely placed black mark extending through it. The
sternopleura are all black except for an oblong yellow spot
on the dorsal edge, near the posterior margin. The pteropleura
are largely brown to blackish, the hypopleura are usually en-
tirely covered by a large black spot, and the metapleura arve
black along their posterior margins. The metanotum is black
on the stdes and yellow through the central portion. Legs:
Typieally yellow with discolored cox@ aud tibie. The legs are
often all yellow but intergrade to those individuals which have
the tibixe almost all black and the femora blackened on apical
portions. The coloration of the legs is apparently of little
ralue in separating dorsalis from other species of Dacus.
Wings: The costal band oceupies all of the subcostal cell and
cell R.Y but does not extend below vein R; except at its apex.
(There is sometimes a very faint vellowing along the under-
side of vein Ry.) The costal band extends across the apex
of cell Ry and abont half-way through the apex of cell
R;. The section of cell R just above M is densely covered
with brownish yellow microtrichia, no distinet clear spot is
present in this area as i cucurbitw. The r-m cross-vein is
almost straight, although somewhat diagonal in position, with-
ont a strong curve on the lower portion. Vein Ry . 5 very gently
curved beyond the r-m eross-vein and with a noticeably thick-
ened area just beyond the haltway pomt from r-m to wing
apex; this thickening is opposite or very slightly before the
apex of vein R, The microtrichia do not extend to the base
of cell 1st My but end, except for a few hairs, slightly before
a point opposite the forking of R; trom the radial sector. The
cubital streak fills only the lower half of cell My at its base.
The upper basal portion of cell M, is bare of microtrichia.
The c¢ubital streak is mueh narrower at its broadest point than
the greatest width of the cubital cell (fig. 56). Abdomen:
(‘hiefly rufous, usually with black horizontal vitte at bases
of terga two and three and with a longitudinal median vitta
extending from base of third segment to apex of abdomen.
This pattern varies considerably in some specimens.  Female
ovipositor: Very slender and rather sharply pointed. The sub-

9The wing veins are named according to the Comstock-Needham sys-
tem, as wmodified by Tillyard and Alexander. The writer has nsed this
nomenclature in several other dipterous families.
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apical bristles are very small and inconspicious and are situ-
ated well before the apex of the ovipositor. The bristles extend
less than half way to the ovipositor tip (fig. 53). The rasper
extends over two-thirds of the membranous portion and is pro-
duced into a sharp point in the middle at its anterior margin
(fig. 44). Mule genitalia: The finger-like lobes at the apices
of the ninth segment are not so slender or elongated as in
cucurbite or capitata, but are shorter and more thickened (fig.
47). The apical portion of the @deagus is very different in
shape and structure from capitata. Tt differs from cucurbitw
chiefly by having no spiculated area (fig. 50).

Specimens of dorsalis average about 8.0 mm. for the body
length and 7.3 mm. for the wing length. The wing is about
2.8 mm. wide at its broadest point.

Dacus cucurbitae Coquillett

Dacus cucurbitw adults are easily identified by the wing
characters (fig. 57), especially by the large apical spot in cach
wing and by the presence of a broad crosshand along the m
cross-vein. The upper portion of the r-m cross-vein is covered
by a small brown spot and the cubital streak is very broad
compared to that of dorsalis.

Head: The characters of the head are not distinctive. The
frontal spots are typically faint or lacking. The front usually
has three pairs of lower orbital bristles while 1. dorsalis nsu-
ally has two pairs of lower orbitals, although specinmens are
often seen which have three. The palpi are slightly longer
than in dorsalis and have a tendeney to be narrower at apex
and more swollen below. The palp is thickest at the basal
one-third and narrows slightly toward the apex (fig. 40).
Thorar: More consistently paler in color than dorsalis, usually
with no black markings. It 1s distinctive (from dorsalis) be-
canse of the presence of a median yellow vitta extending on
the hind part of the mesonotumn from the suture to hind
margin. The lateral vitte are also narrower than in dorsalis.
Legs: Chiefly yellow, hind tibiw brownish-yellow. Apparently
the leg characters are of no taxonomte value. Wings: In addi-
tion to the above, the lower one-fourth of the r-m cross-vein
is strongly curved and the portion of vein Ry.; beyond the
swelling on that vein is very distinetly curved upward, making
the apical part of this vein sinnate. The swollen portion of
vein R, 5 is located well before the apex of vein Ry and is
about opposite the m cross-veinr in position. The section of
cell R directly above cell M is densely covered with micro-
trichia, except for an oblong bare spot near the apical portion
below. The costal band is broad and fills all of cells S¢, R and
Rs. At the wing apex the band expands into a large dark
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brown spot which occupies all the apical portion of cell R,
extends two-fifths the distance through cell R;, and back along
vein Ry, 5 over one-third the distanee from its apex to the
r-m cross-vein.  The microtrichia of cell 1st M. extend to the
base of the cell and fill it entirely except for a narrow clear
area extending half the length of the cell along the top side
of vein My 4. The cubital streak is well developed, it fills all
of the basal portion of cell My and is distinetly broader than
any portion of the cubital cell. The excision at the apex of
Cuy 4 1Ist A is very acute and more deeply V-shaped than in
dorsalis.  Abdomen: Almost all reddish-yellow, with dark
basal bands on terga two and three. The band on segment
two is usnally brown while that on three is black. The median,
brown to black vitta is usually present from tergum three to
apex of abdomen ; however, it 1s sometimes very taint. Female
ovipositor: Broader and mueh longer than that of dorsalis or
capitaia. (Characterized by the presence of a pair of strong
bristles on cach side near the apex; these bristles extend as
far as the tip of the ovipositor (figz. 54). The rasper is rather
short and extends jnst over half the length of the membranous
portion of the ovipositor. The anterior margin of the rasper
is only slightly extended in the middle (fig. 45) and is not
produced into an acute point. Male genitalia: The subapical
Iobes of the ninth segment are well developed and elongated
and from a dorsal view the apical lobes are rather well devel-
oped (fig. 48). The ®deagns 1s somewhat stmilar to dorsalis
in shape but the apical portion is densely covered with spiculi
(fig. 51).

Ceratitis capitata (Weidemann)

The Mediterranean frnit fly adunlt can not be confused
with any other Tephritide found m ITawaii. [t is very char-
acteristic and can be recognized by its small size (4.5-5.5 mm.
in length) and by the distinctive patterns of marks on the
wings and mesonotuni.

Head: The males possess a pair of modified bristles on the
front that are very distinctive; these bristles are long and
spatulate, the enlarged apex is diamond-shaped, and is marked
with fine longitudinal strize (fig. 42). These peculiar append-
ages are modifications of the second pair (from the vertex) of
frontal bristles and are borne on distinet tubercles. The first
pair of frontals is very tiny and poorly developed in the males.
In the females the second pair of fromtal bristles is more
strongly developed than are the others but they are not modi-
fied as in the male and the front is not tubevenlate at their
bases. The first pair of bristles is much stronger than in the
males and about equal in size to the third and fourth pairs.
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The face is entively yellow or whitish; the front is chiefly pale
in color with dark discolorations on sides of lower portion.
The palpi are straight on upper edge, convex below (fig. 41).
The palpi of capitata are much smaller than those of the other
speeies and are somewhat narrowed at the apex and swollen
on the ventral portion so that they are widest at their apical
two-thirds. 7horar: Mesonotum shining black or brown in
eround color except for the yvellow hind margin and a yellow
mark extending along the suture at each sideé. Humeri yellow
to whitish, each with a shining black spot on the upper por-
tion, surronnding base of humeral bristle. Sentellum shining
black except for a narrow, undulated, vellow line across its
base. Mesonotum with a large densely gray pollinose and
white to yellowish pilose area over the median portion. The
post-humeral area and sides of mesonotum, except for the
vellow notoplenra and marks on the suture, are polished black,
devoid of pollen or pile. A median, black vitta extends from
anterior margin to about even with the suture. In line with
the notopleura is & pair of moderately large, shining black
spots.  Posterior to these, from the dorsocentral to the pre-
scutellar bristles, 1s a patr of large wedge-shaped black spots
marked off from the posterior calli and interalar areas by a
thin line of pollen on each side. The pleura are yellowish to
white, with a row of black bristles along the hind margin of
the mesopleura and numerous black hairs over the lower three-
fourths of these sclerites. The sternopleura and pteropleura
each have a strong black bristle near their upper margins.
Metaplenra and hypopleura bare, upper third of mesopleura
and other sclerites of pleura rather densely covered with vel-
lowish to white pile. Metanotum polished black on upper
portion, opaque gray below except for a mnarrow brownish
apex. Legs: Entirely yellowish, under surfaces of front femora
each with an outer row of long yellowish bristles and an inner
row of long yellowish hairs; these form a receptacle for the
tibie in their resting position. Wings: Very short and broad
compared to species of Dacus; they average 5.0 mm. long by
2.5 mm. wide. The maculations are very characteristic, the
basal portion is filled with numerons round and elongated dark
brown to blackish spots. In the middle portion of the wing
is a broad vertical band extending from costal margin to Cuy
-+ 1st anal veins, although fading gradually in the lower por-
tion of cell My. This median band is chiefly yellow in color,
the upper portion is dark brown in the subcostal cell, the
remainder is indistinetly bordered with brown. Cell R, almost
all filled with a large brownish-yellow spot; this is continuous
to the apex of the wing, through the middle of cell R; to apex
of vein Ry 5. This longitudinal spot is yellowish in the middle
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portion (through all Ry) and is brown at the apex (end of
vein Ry 5). Vein Ry 5 has a small round; dark-colored spot
at about half way between the apex and the r-m eross-vein.
The submedian portion of cell Ry also has a tiny brown spot
on the inmer edge of the yellow hand. An elongate brown
spot extends along the m c¢ross-vein. The second anal vein is
distinet and extends more than three-fourths the distance
through the anal lobe (fig. 55). A bdomcn: Yellowish in ground
color, covered with short, ¢hiefly black bristles and with a ring
of long black bristles at apex. First tergum grayish in the
middle, apical half of second tergum gray pollinose, all of
fourth tergum gray pollinose except for a very narrow, vellow
base.  Female ovipositor: The ovipositor differs from that of
the other two species by having no setwe an the apical portion
(fig. 52). It 1s much smaller, ts sharp pointed, but is not as
slender as in dorsalis.  The rasper is produced into a pointed
area i middle, extending toward base of abdomen (fig. 43).
Male genitalia: From end view the genital portion is broader,
not as elongated as in the other two speeies. The subapical
lobes of the ninth segment arve slender and finger-like (fig. 46).
The wdeagus 1s very characteristic of the speeies (fig. 49).
The enlarged apex has a sack-like enlargement at the dorsal
portion of the apex; this is densely covered with minute
spiculi. The genital pore is at the apex. on the ventral surface.

166G C'HARACTERS

The eges are typical of those laid by most Tephritidae but
they possess characteristies which will sepavate the three spe-
cies with which we are dealing. They are pure white in color,
elongate elliptical in shape with the ventral edge straight or
nearly so and the dorsal surface gently convex. The chorion
of the eges is smooth and without sculpturing.

D. dorsalis eggs vary in size from about 1.03 mm. to 1.30
wm. in length and average approximately 1.17 mm. The eggs
are about 0.21 mm. wide. They are slightly smaller than those
of cucurbite and more gradually tapered just before the mi-
cropyle.  This portion is not distincetly nipple-like as in the
other species (fig. 1). '

Dacus cucurbite eges are distinguished from the other
species by their larger size and by the development of the
area around the micropyle. The eggs vary from about 1.14
min. to 1.35 mm. in length and average approximately 1.30
mm. They average about 0.25 mm. in width. In shape they
are most similar to the egas of ('eratitis capitata. The area
directly behind the micropyle is somewhat constricted and
mammilate in appearance, as in capitata. D. cucurbite egos
are at least one-third larger than those of capitata and are
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ecasity separated by size alone. D. cucurbite and dorsalis eggs
are more nearly the same size but when the two are placed
side by side a significant difference in the average extremes of
size is easily seen. A high percentage of the eggs can be
recognized by this difference. There is a slight overlap, how-
ever and all specimens cannot be differentiated by size. Small
egos of cucurbite will approximate in size the larger eges of
dorsalis.  The more distinctly mammilate micropyle will sepa-
rate cucurbite (fig. 2).

Ceratitis capitata eggs are very small compared to those of
other species. They average about 0.93 mm. in length by 0.17
mni. in width and are about one-fonrth smaller than eggs of
cucurbite and one-fifth smalter than those of dorsalis. The
distinetly mammilate anterior portion readily separates this
from dorsalis (fig. 3).

GENERAL LARVAL CHARACTERS

The larve of the three species are similar in most character-
istiecs. They are creamy-white in color and conform in general
shape as do most Tephritide that develop in soft juicy media.
The papillules and tubercles on the posterior portion of the
body are not as useful in distingunishing these species as they
are in most fruit fly larvie. The characters of the respiratory
organs, the anal lobes, head, and cephalopharyngeal skeletons
appear to be more valuable in separating the species diseussed
in this paper. The length of the month hooks is very impor-
tant in distinguishing the ditferent instars and is apparenthy
of specific value. The characters used in differentiating the
instars are, in general, the same as for many other Diptera.

TECHNICS FOR STUDYING LARVAE

The most satisfactory method which the writer has found
of studying the eharacters of the larvie has been to use an
adjustable (turntable type) examining block. A piece of
molding clay is fitted into the block and the larva placed in
the desired position in a small hole in the ¢lay. The larva may
then be viewed trom any angle by slowly revolving the turn-
screw on the examining bloek. This device is especially useful
in studying the papillules on the posterior end of the body as
well as other eharacteristics of the larvae. The papillules are
extremely minute and are often difficult to see except from
certain angles and under various light conditions. It is nsu-
ally necessary to apply a small amount of stain to the tip of
the body i order that the papilhiles may be clearly seen.
Often these structures will show wp more readily if they arve
silhouetted against a strong light. The microscope light is
directed onto a white surface directly beneath the larva so
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that the margins of the apex are seen in profile. The best re-
sults have been obtained by using Fast Green or Acid Fuchsin
stains but any stain which does not form a residue npon dry-
ing should be snitable. [t is extremely difficult to study and
interpret the nature of the caudal papillules and tubercles in
shide preparations or in wet specimens. The structures show
up more clearty when the specimens are removed from the
preserving fuid and the liquid is evaporated off the surface
of the body. Care must be taken, however, that the specimen
being studied does not dry ont too much. As the tissues lose
fluid, the integument begins to shrink and wrinkle and much
distortion occurs in a short time. To avoid dessication it is
necessary to add fluid to the body from time to time when the
larva is under observation. Ounly the mature third instar
larvae ean be studied satisfactorily outside a liquid medium.
Shrinking and distortion occur so very rapidly with the
vounger (softer bodied) larvae that is it not practical to at-
tempt to study them in this semi-dry condition.

The characteristics of the anterior and posterior respiratory
organs, the cephalopharyngeal skeleton, anterior and posterior
sense organs, and structures on the integument are best studied
in slide preparations. Most of the structures stand out more
clearly in stained preparations but no stain is needed for the
head sclerites. The posterior rvespiratory organs must be
dissected off the body and mounted flat so that a direct dorsal
view can be obtained. This is a very delicate and exacting
dissection to make on the first instar larve and it is often
difficult to flatten out the portion of the body bearing the
spiracular plates so that the openings can be seen. The
cephalopharyngeal skeleton, the anterior respiratory organs,
and the head are best studied in cleared whole mounts. Or
the head skeleton can be dissected out and mounted separately ;
the latter procedure is best if a eareful study of the sclerites
1s to be made.

Proper preservation of the larve is essential if their charac-
teristics arve to be studied. A large share of the immature
forms which arve sent in for identifieation are improperly pre-
served. They are often discolored, badly shrunken, and so
contorted that it is very diffieult or mmpossible to observe their
charaeters. The writer has had best suceess by killing the
larvee in hot water and preserving them in 75 per eent alcohol.
The larve are placed in cold water and gradually heated
nearly to the boiling point. The water is then allowed to cool
before the larve are transferred to aleohol.

FirsT INSTAR LARVAE

The first instar larve of all three species lack the anterior
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respiratory organs and the posterior spiracles have but two
openings. The development of the cephalopharyngeal skeleton
is very different from that of the later stages and the first
instars appavently have no transverse ridges above the mouth
hooks. The first-instars ean be readily recognized by the light
colored, tan or pale brown mouth hooks and hypostomal
sclerite. The mouth hooks are tiny compared to those of later
mstars. Only the anterior portion of the pharyngeal sclerite
is brown in color and distinetly visible. This character is very
useful in separating living larvae, in or ont of media. From
a dorsal view the cephalopharyngeal skeleton can readily be
observed through the semi-transparent body, and the anterior
portions of the pharyngeal sclerites stand out clearly as a pair
of small brown dots. The median portion of the head skeleton
—that part between the pharyngeal sclerite and the mouth
hooks—is very long and slender and rod-like in the first instars
(fig. 8); the hypostomal sclerite is not distincetly developed.
The mounth hooks are trilobed, with a conspicuous preapical
lobe on the ventral portion as in the second instars. The month
hooks and cephalopharyngeal skeleton can easily be observed
through the skin, especially in living larvae. The larve tend
to become more opague when preserved but the membrane
around the mouth is quite transparent so at least the pale
mouth hooks can readily be seen.

The openings of the posterior spiracles are usually U-shaped
(fig. 7) but sometimes form an almost complete ring. The
mter-spiraeular processes arve present and arranged in fonr
eroups around the outside edge of each posterior spiracle (fig.
7). The anterior sense organs are well developed and appar-
ently two segmented. The posterior sense organs are not
noticeably developed.

The minimum size of the first mstar, as it hatehes from the
egg, 1s about equal in length to the egg. lmmediately after
eclosion the larve increase rapidly in length.

D. dorsalis first instar larvae range from about 1.2 mm. to
2.3 mm. in length and average approximately 2.0 mm. when
full grown. They conform to the charaeteristics given above
under the general discussion of the larvae. The mouth hooks
are smaller than those of cucurbite and differ somewhat in
shape (fig.4). The apical lobe is more slender and is separated
from the preapical lobe by a more broadly U-shaped concavity.
The posterior lobe of the hooks is more slender and elongated
than in cucurbite. The mouth hooks are approximately 0.05
to 0.06 mm. in length.

D. cucurbite first instar larve range up to about 2.75 mm.
in length and average near 2.5 mun. when ready to molt. The
mouth hooks are broader and slightly more blunt at the apex
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of the anterior lobe (fig. 6). The posterior lobe is thicker and
not so slender as in the other species. The openings of the
posterior respiratory organs sometimes form a nearly com-
plete cirele. The mouth hooks are approximately 0.07 to 0.08
mm. in length.

('. capitata first instar larvie vary from about 1.0 mm. to
2.5 mm. and average near 2.0 mm. in length when full grown.
The mouth hooks are similar to those of cucurbite but are
much smaller in size and with the preapical lobe more strongly
developed in proportion to the apical lobe (fig. 5). The mouth
hooks are 0.04 mm. in length. The entire ¢ephalopharyngeal
skeleton is about 0.17 mm. in length.

SECOND INSTAR LARV.E

The second instar larve have a much more opaque body
and have the anterior respiratory organs developed as in the
third stage. These organs are usually concave to excised in
the middle of the front margin so that ecach organ is divided
into two large lobes which bear the small lobes at their apices.
The second iustars possess the same nmunber of apical lobes on
the anterior respiratory organs as do the third. The posterior
respiratory organs have three openings and are distingnished
from those of the third instars by thetr more oval shape and by
the lack of mumerons transverse lines across the openings (fie.
12-14). The posterior spiracular plates are weakly sclerotized
compared to those of the later instar.

The head skeleton is well developed in the second instar
and differs markedly from that of the preceding stage. The
mouth hooks, as well as the head selerites, are heavily selero-
tized and dark brown to black in color. IBach mouth hook is
often pale at the extreme apex of the apical lobe, otherwise
it is brown to black. The hypostomal selerite is distinetly
developed and the anterior portion of the pharyngeal selervite
1s moderately elongated (fig. 9) but not slender and drawn
out as in the first instar. The mouth hooks have the preapieal
lobes well developed but differ in shape from those of the first
instar. The transverse ridges above the mouth and the pos-
terior sense organs are well developed.

D. dorsalis range in size from about 2.5 mm. to 5.75 mum.
with an average length of approximately +.50 mm. when full
grown. The openings of the posterior respiratory organs are
oval in shape and only about one and one-halt times longer
than wide (fig. 14). There were no cross lines or transverse
bars diseernible in the specimens studied. The anterior respira-
tory organs have nine to eleven apical lobes whieh are very
similar to those of the third instar although the anterior mar-
2in of each organ is often concave in the middle. The mouth



PROC. ENT. SOC, WASH., VOL. 81, NO. ), OCTOBER, 1949 193

hooks measure 0.14 to 0.16 mm. in length. They are shehtiy
more slender and more envved bevond the preapical lobe than
i cucurbita (fig. 9).

0. cucurbite second instar larvae range 1 length from about
3.5 . to 7.0 mm. and average approximately 5.5 nimi. before
molting.  The openings of the posterior spiracles are hroad
and short but decidedly more clongate, and less oval than in
the other species. There are also distinet cross bars or lines
over the openings (fig. 13).  The anterior respiratory organs
are similar to those of the third instar, except that they arve
often concave in the middle of the anterior marein. The
anterior respiratory organs are characterized by having eight-
cen to twenty lobes on the anterior margin.  The mouth hooks
average 0.16 mm. to 0.18 mm. in length, ave sliehtly thicker
at the apices, and are shaped differently from those in the
other species (fig. 11).

(. capitata second instar larve vary in size from about 2.25
mni. to 2.0 mm. and average approximately 425 mm. when
fnll grown. The openings of the posterior spiracles are similav
to those of dorsalis (fig. 12). The openings are about 0.03 nin.
long by about 0.02 mm. wide. The anterior respiratory organs
arve approximately 0.06 mm. wide; their front margins are
moderately concave.  The month hooks measure 0.10 mn. to
0.1T mm. in length and ave dark brown to black except for the
extreme apex of the apical lobe. which is pale.  The mouth
hooks differ somewhat in shape from those of dorsalis or
cucurbita (fie. 10).

Tiikp INsTar Larvee

The third instavs ave differentiated from the second by lack-
ing the preapical lobes on the mouth hooks, hy the shortened
anterior portion of the pharyvngeal sclerite, by the more clon-
eate and slender openings of the posterior respiratory organs,
and by the straight front margins of the anterior organs. The
third instars can generally be recognized by their lavger size.
Some small specimens, however, do overlap with the late
second instars.

D. dorsalis thivd instar larvee are casily distingnished from
those of cucurbite but arve very similar and often difficult to
separate from larvee of (. cupitata. 1t is most unusual that
the larvie of two such unrelated eroups of flies shonld be so
similar in appearance and structural charvacteristics.

The third instars range from about 7.0 to 11.0 mm. in length
and average approximately 10.0 mm. when mature. The mouth
hooks and cephalopharyngeal sclerites arve strongly selerotized
and blackish in color. The month hooks measure 0.27 mn. to
0.29 mm. in length. The preapical lobes of the mouth hooks



PLATE 14 PROC. ENT. SOC. WASH., VOL. 51, NO. 5, OCTOBER, 1949

5 e |

dorsalls
e N

D. darsalls dorsalis

L

capitata

It

D. cucurbitae

e
i

cucurbitae

C. capltata

darsalis

9
: capitata
8 1
darsalis

& D

capitata cucurbltaa darsalls

[194]



PROC. FNT. S0C. WASIH., VOL. bl, NO. J, OCTOBER, 1049 195

are lacking, although a tiny rudiment of this lobe is sometimes
seen in this instar.

The larvie are best distinguished from those of cucurbite
by the lack of the transverse dark line between the inter-
mediate areas (refer to discussion of cucurbite), by the shorter,
broader openings of the posterior spiracles, by the smaller
number of lobes on the anterior respiratory organs, and by
other characters as pointed out in the discussion under cucur-
bitee. The most reliable characters found for separating dor-
salis from eapitata ave the comparative lengths of the mouth
hooks, the shape and development of the anal lobes, and the
degree of development of the anal elevation. The anal eleva-
tion is more conspicuousty developed in dorsalis and extends
well below the ventral margins of the lateral areas, giving the
posterior end of the larva a more oval or oblong shape than in
capitata. The anal lobes are very prominent, as seen in direct
end view (fig. 16). The lobes are large and rather rounded in
shape. They usnally protrude well beyond the apex of the
elevation and are nearly equal to it in length. The lateral
margins of the elevations are slightly concave hut not deeply
excised at the base of each anal lobe (fig. 19). The anal lobes
are approximately semiiecireular in shape, as seen in ventral
view. The lobes have no conspicuous transverse grooves andd
the tiny wrinkles or furrows on their surface extend more
vertically that horizontally (fig.28). The lateral margins of
the anal lobes are more rounded and usually are not acutely
pointed as in the other species.

The posterior respiratory organs are similar in dorselis and
capitata. Both species are distinguished from cucurbite by
having the spiracular openings shorter and broader compared
to their lengths. tu dorsalis the openings average abont 0.08

Prate 1410, E¢as, FIRST AND SECOND INSTAR LARVAE

Fig. 1, Dacus dorsalis eggs showing extremes of size (the egg on the
right is average); fig. 2, D. cucurbite eggs; fig. 3, C. capitata eggs; fig.
1, D. dorsalis, first instar mouth hooks; fig. 5, C. capitata, first instar
mouth hooks; fig. 6, D). cucurbite, first instar mouth hooks; fig. 7, D.
dorsalis, posterior spiracular plate of first instar; fig. 8, D. dorsalis,
anterior end of first instar showing cephalopharyngeal skeleton; fig. 9,
D. dorsalis, second instar cephalopharyngeal skeleton; fig. 10, C. capitata,
second instar mouth hooks; fig. 11, D. cucurbite, second instar cephalo-
pharyngeal skeleton; fig. 12, C. capitata, second instar posterior spiracu-
lar plate; fig. 13, D. cucurbite, second instar posterior spiracular plate;
fig. 14, D, dorsalis, second instar posterior spiracular plate.

10The drawings of the eggs were made by Dr. . B. Mainland. The
ones of the posterior portions of the larva of D. dorsalis and cucurbite
were made by Dr. L. D, Tuthill and the drawings of the wings were
made by Tokuwo Kono. The writer is very appreeiative of this assistance.
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. in length by 0.027 mm. in width and ave approximately
three times longer than wide. There is no evidence of the
secondary slit extending over the openings in cither dorsalis
or capitata.

The head of dorsalis appears to be somewhat more elongafe
than that of capitata and not so much of the head segment is
covered by the first body segment (fig. 22). The mouth ridges
seemr to be more elongate and slender in dorsalis but for the
most part the head characters are not too reliable in separating
these two species. The cephalopharyngeal skeletons of dorsalis
and capitata ave shmilar in characteristies. The greater length
(as given above) of each hook of dorsalis (compared to that
of capitata) is, however, an excellent specific character. The
mouth hooks are rather strongly curved in both species but
those of dorsalis are slightly more slender (fie. 31). The
ventral cornua has no tubevele on its dorsal surtace.  The
dorsal accessory piece is separated from the dorsal cornna by
a deeply V-shaped cleft but this is not as narvow or sharply
pointed as in capitata. The hypostomal sclerite is also broader
and not as slender on the basal one-third as in capitata. The
entire head skeleton is distinetly larger in dorsalis. (figs. 30
and 31).

The anterior respiratory organs ave very similav in dorsalis
and capilata and possess nine to ten lobes on their anterior
margins.  This character distinguishes them from cwciurbite.
which has eighteen to twenty anterior lobes.  The anterior
organs neasure about 0.16-0.2 wmm. in width at their apices.
The lobes of dorsalis are move oval i shape (fig. 25). while
those of capitata ave oblong (fig. 24).

Dacus cucurbite third instar larvaz range from about 7.5
mni. to 11.75 mm. and the mature larve average approxunately

PLATE 15, THIRD INSTAR LARV.E.

Fig. 15, €. capitata, postevior end, drawn to slightly larger seale than
figs. 16 and 17 (d.a., dorsal avea; la., lateral area; s.i., stigmatic arvea:
p. papillules; i.a., intermediate area; m.., median area; v, ventral
area: a.c., anal elevation; ald., anal lobe); fig. 16, D. dorsalis, posterior
end; fig. 17, D. cucurbito, posterior end; fig. 18, C. capitala, posterior
end, lateral view; fig. 19, D. dorsalis, postevior end, lateral view; fig. 20,
D. cucurbite, posterior cud, lateral view; fig. 21, . capitala, anterior
end, lateral view (a.rs., auterior respiratory structure; aws.o., antevior
SeNse Organs;: pP.s.0., posterior sense organs); fig. 22, D, dorsalis, anterior
end; fig. 23, D. cucurbilw, anterior end (drawn to slightly larger seale
and w slightly diffevent view than figs. 21 awd 22); fig. 24, O capitata,
anterior respiratory struocture; fig. 25, 1. dorsalis, anterior respiratory
strneture; fig, 26, D. cucurbita, anterior respivatory structures fig. 27,
(. capitata, anal lobes, end view: fig. 28, D. dorsalis, anal lobes, end
view; fig. 29, D. cucurbilw, anal lobes (drawn to same seale as 27 aml 28
but specimen not as fully developed).
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11.0 mm. D. cucurbite is distinguished from the other species
by a variety of structural characters. The most useful field
character is the presence of a conspicuouns dark brown to black
sclerotized line extending transversely between the intermedi-
ate areas (fig. 17). This is apparently a reliable character in
matnre larvee and can easily be seen with a hand lens. The
transverse hne is not present in first and second instar larve
or in the early third instar. The dark line is about as long as
the stigmatic plates are high.

The length of each opening of the posterior respiratory or-
gans in relation to its width is very characteristic in this
species (fie. 38). The openings are long and slender, compared
to those of dorsalis and capitata. The openings measnre (.11
mm. in length by 0.02 mm. in width; they are approximately
five times longer than wide. It 1s interesting to note that the
thin transparent membrane covering the opening and the nar-
row secondary shit, as mentioned by Varley!!, 1s plainly visible
under high magnification (fig. 38). The secondary slit has
not been observed on the other two species except for slight
indications of it near the ends of the stigmatic openings. It
may be that the slit is incomplete in capitata and dorsalis and
does not actually ¢ross over the entire surface.

The anterior respiratory organs are useful in distinguishing
cucurbitw in the second and third instars. These organs are
muech broader and have a more attenuated base and more
numerous apical lobes than i the other two species.  The
anterior respirvatory organs average about 0.3 mm. in width
in this mstar and have eighteen to twenty small rounded lobes
on their anterior margins. The lobes are much smaller and
Jess distinet than those of the other two species. The anterior
organs are nearly twice as broad as those of (. capitata and
one-third broader than those of dorsalis.

111937, Proc. Roy. Ent. Soe. Lond. Ser. A, 12:116, Fig. 4.

PLATE 16. THIRD INSTAR LARV.E AND ADULT ('HARACTERS.

Fig. 30, C. capitata, cephalopharyngeal skeleton; fig. 31, D. dorsalis,
cephalopharyugeal skeleton (d.c., dorsal cornua; d.a.p., dorsal accessory
piece; p.s., pharyngeal sclerite; v. ¢, ventral cornua; p., pharynx; h.s.,
hypostomal selerite; d.s., dental seclerite; mh., mouth hooks); fig. 32,
D. cucurbite, cephalopharyngeal skeleton; fig. 33, C. capitata, posterior
stigmal plate; fig. 34, D. dorsalis, posterior stigmal plate; fig. 35, D.
cucurbite, posterior stigmal plate; fig. 37, C. capitata, openings ot pos-
terior spiracle; fig. 37, D. dorsalis, openings of posterior spiracle; fig.
38, D. cucurbitw, openings of posterior spiracle; fig. 39, 1. dorsalis,
palpns of adult; fig. 40, D. cucarbite, palpus of adult; fig. 41, C. capi-
tata, palpus of adult; fig. 42, C. capitata, head of male, lateral view:'
fig. 43, C. capitata, female ovipositor (not fully extended); fig, 44, D.
dorsalis, female ovipositor; fig. 45, D. cvcurbite, female ovipositor.
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Fig. 46, C. capitata, end (dorsal) view; fig. 47, D. dorsalis, end (dor-
sal view; fig. 48, D). cacurbite, end (dorsal) view; fig. 49, €. capitata,
lateral; fig. 30, D, dorsalis, lateral; fig. 51, D. cucurbitw, lateral.
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The head is slightly broader in cucurbite and not so attenu-
ated as in the other two species. The mouth hooks are hroader
and not as strongly curved or as pointed (fig. 32). The hypos-
tomal sclerite is broader and not as attenuated at its base.
The dorsal accessory piece of the pharyugeal sclerite is sepa-
rated from the dorsal cornna by a deeply U-shaped cleft (fig.
32), not a narrow V-shaped cleft. The entire cephalopharyn-
geal skeleton of eneurbite is about one-sixth larger than that
of dorsalis and one-third lavger than capitara. The transverse
ridges behind the mouth hooks are more numerous and closer
together than in the other species; theve are eighteen to twenty
ridges on cach side of the head (fig. 23). The second and third
body segments have six or more rows of spinules extending
all the way around the body.

The anal elevation is rather prominent but extends scarcely,
or not at all, bevond the lower margins of the lateral areas,
as seen in end view (fig. 20). The anal lobes are small and
usually inconspicuons, often completely hidden within the
anal elevation, and visible only from a ventral view. The
lobes are more similar to those of (. capitata than to dorsalis.
The lobes are pointed at the sides and possess numerons trans-
verse furrows (fig.29).

Ceratitis capitata (Wiedemann). Much of the discussion
under dorsalis will also pertain to this species. [t is easily
distingumished from cuwewrbite but closely resembles dorsalis.
The differences in the lengths of the mounth hooks and the
development of the anal lobes are apparently the most con-
stant characters which can be used in separating these species.

The third instar larve range from about 6.5 mm. to 10.0
mni. ; the mature larve average about 9.0 mm. The mouth
hooks are 0.21 mm. in length, they arve strongly selerotized,
black in color, and lack the preapical lobe. 3

(". capilata is best distinguished trom dorsalis by the shorter
mouth hooks and cephalopharyngeal skeleton; by the less con-
spicuously developed anal elevation; and by the rather small,
usunally poorly developed anal lobes. In most specimens the
lobes project bavely bevond the lower margin of the elevation
and the anal elevation itself does not project below the ventral
margins of the lateral aveas (fig. 18). From a direet end view
the body is more nearly round in outline (fig. 15) ; it is about
as wide as long and not as oblone as in dorselis.  The anal
lobes are rather cordate in outline and arve inconspicuons coni-
pared to those of dorsalis. The lobes have numerous trans-
verse furrows or wrinkles extending from their inner margins
(fig. 27) and usually have a slight transverse depression
through the central portion. The lateral margins are acutely
produced and the apical mareins of the anal elevations are
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PraTe 18. FEMALE OVIPOSITOR AND MALE WINGS.
Fig. 52, C. capitata, apex of female ovipositor; fig. 33, D. dorsalis,
apex of female ovipositor; fig. 54, D. cucurbit®, apex of female oviposi-
tor; fig. 55, C.

capitata, wing ot male; fig. 56, I). dorsalis, wing of male;
fig. 57, D. cucurbite, wing of male.
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rather deeply excised at the base of each lobe (fig. 18).

A conspicnous transverse furrow is present just above the
anal elevation in capitate (fig. 15). This groove curves npward
at the sides toward the intermediate areas. On cach side of the
posterior stigmatic plates is a slight depression extending
longitudinally ; this appears to be more distinet than in dor-
salis. A fairly distinet transverse furrow is usually present
in the area between the stigmatic plates and the dorsal papil-
lules.

The head is broader compared to its length and is appar-
ently more vetractile than in most dorsalis. The first body
segment usnally extends over the basal series of month ridges.
The ridges are somewhat shorter and thicker than in dorsalis.
The anterior respiratory organs are narrower than in dorsalis
and are searcely over half as wide as those of cucurbitw. The
organs measure about 0.16 mm. in width and the lobes are
mote oblong in outline than in dorsalis (fig. 24). The mouth
hooks are smaller but not quite as slender as in dorsalis. The
ventral cornua has a tubercle developed on its top margin
toward its base. The hypostomal sclerite is smaller, more
slender than in dorsalis, and the dorsal aceessory picee is sepa-
rated from the dorsal cornua by a narrow cleft. This is more
sharply pointed at the base of the cleft than in dorsalis (fig.
30).

The openings of the posterior respiratory structures are
about 0.024 mm. in width by about 0.07 in length (figs. 33,
36).

PupraL ("HARACTERS

The puparia of all three species are similar in shape and
general characteristics. They vary considerably in color from
pale tan to dark brownish-yellow. The color of the puparia
does not appear to be of specific importance and varies greatly
in various series of specimens. The age of the puparia and
in many cases the host in which the larvae fed have effects
upon the coloration. The puparia of cucurbite usually have a
more distinetly ringed appearance due to narrow bands of
vellow extending around each segment. This is not constant,
however, and the other species often exhibit this characteristic
but usually to a lesser degree.

Since the eharacters of the anterior and posterior respira-
tory organs carry over directly from the larva, the more nu-
merous lobes and the comparative measurements of the ante-
rior and posterior respiratory ovgans are the same as in the
third instar larve. The size of the anal area is useful, as in
the larvee, althongh in the puparia this area is never lobate.

D. cucurbite can be usunally recognized by the dark trans-
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verse line across the middle of the posterior eud (as in the
mature larva). This line is sometimes absent in pale puparia
but can usually be depended upon to distinguish this species.
D. cucurbita can also be separated by the wider anterior
respiratory organs and the more (’]()l]{,’dt(‘ openings of the pos-
terior spirvacles, as has been discussed under the thivd instar
larvie. The puparia range from 4.8 mm. to 6.0 mm. and aver-
age approximately 5.5 muni. in length.

D. dorsalis and capitata pupae arve difficult to separate. The
majority of speciniens can, however, be distinguished by com-
paring the widths of the anal arcas. the widths of the anterior
respiratory organs, the lengths of the mouth hooks, and sizes
of the head skeleton when the internal sclerites can be observed
throngh the skin of the puparia. The anal avea of D. dorsalis
measures approximately 0.29 mm. in width. (. capitafa aver-
ages (.23 mn. across this area and D. cuenrbite 0.18 mm. The
other characteristies mentioned above are the same as for the
third instar larvee.

D. dorsalis puparia range from 3.8 mm. to 5.2 mm. in length
and average about £.9 mm. (", capitata range from 3.5 nun.
to £.9 mm. and average about 4.5 mm. in length.

KEY TO SPECIES DISCUSSED
ApULas
1. Mesonotum with polished hlack areas and patterus of dense gray,
no yvellow vittw present. Seutellum black except for a narrow
hasal portion.  Wings broad, with numerous yellow and black
maculations as in fig. 33, Face entirely yellow, second pair of
tfrontal Dristles modified into a spatulate strueture in the males
(fig. 42). . Ceratitis capitata (Wied.)
No polished blaek areas on mesounotum; yellow vitta present;
scutellum all yellow; face with hlack spots; wings more slender
and differently marked than in Ceratitis (figs. 56-37) . ,, 2
2. Mesonotum with three yellow, longitudinal vittae behind the su-
ture. Wings with a large, brown apical spot and a hroad trans-
verse band extending over the m eross-vein (fig. 57)
. _ Dacus cne mlnfa‘ Coq.
\h‘smmtum \\xthont a medmn \0110\\' vitta. Costal band of wing
not expanded at apex and eross-vein m not elonded (fig. 56)
_Dacus dorsalis Hendel

Eaas
1. Smaller eggs, about 093 mm. in length by 0.17 mm. in width
(fig. 3) . i Ceratitis capitata (Wied.)
Larger eggs, (lpplo\mmte]\ l 1; mm. or more in.length by ahout
0.21-0.25 mm. in width . o R
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2. The area beariug the micropyle constricted, mimilate in appear-
ance (fig. 2).  Eggs averaging approximately 1.30 mm. in
length by 0.25 mm. in width Dacus cucurbite Cog.

Avea bearing the micropyle gently tapered, not distinetly mam-
milated (fig. 1). Eggs averaging approximately 1.17 mm. in

length by G.21 wm. i wiadth Dacus dorsalis Hendel

Larvae—THirp INs

1. A conspicnous dark brown to black line usually present on the
posterior end, extending transversely between the imtermediate
areas (fig. 17).  Anterior respiratory structures with ecighteen
to twenty lobes (fig, 26). The openings of the posterior respi-
ritory organs are elongate and slender, five times longer than
wide (fig. 38), and measure approximately 0.11 mm. hy 0.02
mni... : . . - Dacus cucurbite Coq.

No such tl‘lll\\(’lht’ hnv ]uownt Anterior respiratory structuves
with ten to eleven lobes (figs. 242

5) and the openings of the

posterior organs shorter and broader compared to their length.

The openings are approximately three times longer than wide

and measnre abont .08 mwn.  in length by 0.02 mm. in width

(figs. 3637) . - .

2. Aual lobes (‘unxpunou\lv (]ow]()])wl projecting well below the

ventral margins of the lateral aveas (fig. 16). Anal lobes with

no conspienous trausverse grooves or depressions; lateral manr-

gins more rounded, not acutely pointed (fig, 28). The mouth

hooks measnre 0.27-0.29 mm. in length (fig. 31)

. - . __Docus dorsalis Ilomlol

A\n‘l] lol)v\ inconspieuous, 11\u.1l]\ protruding hut slightly hevond

the amal elevation (fig. 15). The lobes are rather cordate in

outline, somewhat pointed on outer margins, and with numerous

transverse furvows and usnally a slight transverse depression

throngh tlie ¢entral portion (fig. 27). The mouthhooks measnre

0.21 wmm, in length (fig. 30). Ceratitis capitata (Wied.)
Pur.e

1. A davk colored tl'ﬂlls\'t‘l‘s(‘\ll(‘, usually present, acvoss the middle

of the posterior end (as in mature larvie).  Anterior and pos-

tevior respiratory organs as in first part of couplet 1 under

lavvee . . I - Dacus cucurbite Cog.

No such transverse lmv 1110<en‘r fitting second portion of couplet
1 under lmve

212 Anal avea measuring ‘11)]110:&11)1(1tvl\' l) 20 mm. in width, Tllo

wouthhooks measnre 0.27-0.20 mm. in length

- R Dacus r?wxulm ]Ien(lcl
An l] area neasuring .lppro\mmfel\ 0.23 mm. across. The mouth-
hooks are about 0.21 mm. in length

I2These charaeters are not always satisfactory for separating
puparia.
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,,,,,,,,,,, C. capitata (Wied.) -
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